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TRU WASTF ASSAY INSTi.JMENTATION
AND

APPLICATIONS IN NUCLEAR FACILITY DECOMMISSIONING

C. John Umbarger

Health Division
Los Alamos Nzitional Laboratory
Los Alamos, New Mexico 87545

Introduction.—--..... ..

A vital part of any comprehensive rac!loactive waste management program

is the ability to determine the types and amounts of radioactivity in wastes.

Without such ability, it is impossible to direct c~st effective and timely

waste management programs for waste generators and repositories, the

decontamination and Iecommission+ng of outdated nuclear facilities, and

the exhumation of old radioactive waste burial grounds, Heretofore, only

administrative cont~ols could be used for TRU waste sorting, often resulting

in overestimates of li?Uwaste quantity, thereby significantly increasing

the amount of materials t~at had to be handled as retrievable wastes, which

requires expensive handling techniques and engineered storage,

To ameliorate this problem, a comprehensive program is in progress at

the Los Alamos National Laboratory for the development of sensitive,

practical, nondestructive assay techniques for the quantification of low-

lev~l transuranics (TRU) in bulk sclid wastes. The program encompasses a

hroi]d range of techniques, including sophisticated active and p?,ssive

gamma-rd,y spectroscopy, passive neutron detection systems, pulsed portable

neutrotl g~nerator ir~terrogation systems, aildelectron accelerator-based

techniques. The techniques can h)~ used with either 10W-IQVC1 or nigh-level

!Ieta-qmnlllawastes in nither low-derlsit.yor high-density matrices. Was te

packaqe containers rttrige+n size from 2 ft3 cardboard cartons to 4x4x7’

wood and metal crntes. Through the use of such techniques, the ctipabilit.y

now exists t,ocost,effrctivcl.y sort and srqrc!]atc wastes by TRU content,



Combustible Waste Pac~e Counter——— - ———

One of the first instruments designed and built for the,assay of

transuranic (TRU) wastes at the 10 nCi/g level was the Multi-Energy Gamma

Assay System (MEGAS).’ The original MEGAS has been significantly upgraded

(MEGAS II),2-4 as shown in Fig. 1. MEGAS 11 operates in a segnmted mode,

which allows the determination of hot spots within waste packages. The

photon detector Is a 127-mm diameter by 1.6-mn thick Nal crystal, which

optimizes the TRU detection capability using L x rays and gamma rays

having an energy less than 100 keV. The detection limit at the 30 level

above background for 24’Am is less than 5 pCi/g and for 23~Pu is less than

1 nCi/g for a 500-s count. Packages contain low density, combustible type

wastes in a 2 ft3

is generally less

The presence

the TRU detection

cardboard carton, Total mass of the container and wastes

than 10 kg.

of beta- and gamma-ray emitting fission products decreases

limit for the NaI detector. The addition3’4 of a high

resolution, hyperpure, planar germanium detector, 1000-nvn2active area,

12-mm thick, allows the assay of TRU isotopes even in the presence of

several mR/h ganvnaand beta backgrounds. A tabulation of nwasured detection

lilnitsfor the hyperpure germaniumdetector is presented in Ref. 3. Using

these data, it is e~timated that TRU assay at the 10 nCi/g level can still

be made even in the presence of40011Ci of 137CS (65 nCi 137Cs/g).

As shawn in Fig. 1, four benks of polyethylene moderated 3He neutron

detectors have been added. The measured detectability limit (3u level

above b;lckground, 1000-s count, total neutron count) for these neutron

detectors is 400 nCi/g for weapons ~rade plutonium oxide. Because 3He

detectors are rel~tively ln~ensitive to photons, they can operate even in

the prn’;cncc of hi!7h fission product backgrounds (1-10 R/h). The neutron

counters were added to assure that significant quantities (s100 mg) of

plutonium, even if well shielded, would be detected. The technology for

this development has been transferred to other DOE facilities and to the

comme~ci,ll instrumercation sector,

l,prgp-Packagy an~-Cra_te Count~r.

Much of the plutorlium and uraniumwaste qmerated in the nuclear

industry is ultimately packaged in 208-P. hat-r 1s or large crates having
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typical dimensions of 1.0 m or more on a s-:de. An active-passive 4m

neutron counting system has been developed to assay/screen these large

containers for their TRU and uranium content. This crate counter is made

from discrete moderated 3He neutron detector mndules which are easily

arranged into a variety of assay chamber geometries. Very large objects

and debris ~rom decommissioning programs can be easily acconrnodated in

the counter.

Figure 2 depicts the construction of the discrete counter mndules

and the placement to form an assay chamber with internal dimensions of

1.2x1.2x2.4 m, The measured 4w detection efficiency in this configuration

for a bare californium source is 147, Separate counting electronics are

provided for each of the two chambers in each of the six modliies for a

total of twelve independent signals. The relative singles count rates

from different portions of the 4m system are used for geometry and matrix

corrections. Figure 3 shows the ratio of the count r~tes from the two end

modules as a function of source position along the length of the assay

chamber. Similar ratios have been measured for the two sets of opposite

side mdules, 5 The three ratios can serve to determine the approximate

location of a source,

All neutron detection systems suffer in the presence of matrix

materials, particularly hhydrogenou~ materials, A flat response (I1O%) was

measured for ‘~pcf nelltron sources moderated by thicknesses of polyethylene

ranginq from O to 7.5 cm, A compensation technique for greater effective

hydrogenous moderaton~s based on the diffmential energy sensitivity of

the count r~tes in the inner and outer chambers of each module,

For plutonium contaminated wastes, the passive 4-Iicoincident. measu)-e-

24”Pu to total Pu ratio240Pu mass, If thement genr,rallydetermines the

if known, this measurement determines the total Pu mass, Measured 3(1

detection sensitivity is about 10 mg 24~Pu.5’6

The active part of the crate counter is the differential die-away

pulsed neutron technique discussed next and elsewhere,7 Preliminary

detection limits for the active crate counter arc 5-10 mg for either
239PU

or 235U.6 Su~t~cr~te assay system~ are now under dcslgn and construction

for implementation at other DOE facilities,
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Drum Assay System— ——.

The Los Alamos National Laborat~ry has also developed an accurate,

high sensitivity assay instrument for the assay of TRU waste in 208-.!

barrels. The assay chamber of this differential die-away system consists

of a graphite and polyethylene structure with a small, pulsed D + T

ncut.ron genei-ator inside. Both cadmium covered and bare 3He neutron

detectors are incorporated in the chamber, being placed external to the

graphite but within polyethylene. The graphite and polyethylene moderate

14 MeV neutrons, which are completely thermalized in 0.7 ms. The thermal

neutrons die away in the interrogation cavity with a half life of about

0.76 ms. The interrogating thermal pulse lasts a long time in the chamber

and induces thermal neutron Fission In any fissile material present in the

waste barrel. This system has a measured 239Pu sensitivity of less than

1 mg in a 208-R barrel. A complete description of this system, including

its application to mixed wastes (curium, californium, plutonium, uranium~

amwicium, neptunium) and matrix correction methods, is presented elsewhere. 8,9

A drum assay system has recently been developed and fabricated by Los Alamos

and installed at the Oak Ridge National Labor~tory for test and evaluation

purposes under field conditions.

Ga!nma Assay.-.....—.

An ideal supplement to the pulsed thermal neutron interrogation system

is gamma-ray spectroscopy. This is particularly true for waste containing

many isotopes. Gamma-ray spectroscopy is sensitive to most radioactive

isotopes, including fission products, not only TRU isotopes that either

have a significant spontaneous fission or neutron-induced fission cross

section. Some specific examples of isotopes that cannot be assayed via

nelltrons that can be assayed using gamma-ray spectroscopy are 243Am and

233Pa, respectively, that have237Np, which have daughters, 23gNp and

24’Am, which has aenergetic gdllmlarays. An isotope in the gre,yarea is

low fission cross section and

hut low enerqy (Ey = 60 k~v),

Active/passive ganwm-ray

wastes in a barrel .lO’l’ The

spontaneous fission rate and a very I\,tense,

ganwna ray.

spectroscopy can quantify the radioactive

major problem is characterizing the matrix

to make the necessary corrections to the gama-ray signatures, There are
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two subtly different techniques. One is to use external sources, identical

to the isotopes in the barrel, to over-ride the passive signal, to give

the effective attenuation at the desired energies. The other technique

relies on the fact that above about 150 keV, the attenuation coefficient

varies smoothly and slowly as a function of energy. This technique

characterizes the matrix as a function of energy over a large energy range.

The upper part of Fig. 4 shows che linear attenuation coefficient D as a

function of energy for an actual waste barrel (p = 0.22 g/cm3). The 1ine

in the figure is a linear least squares fit to the data. There is no

a ]JrjOyj. reason to exclude a linear relationship between II and ln(E.{). Tire

barrel supposedly has paper and laboratory glassware in it. For comparison,

the lower part of Fig. 4, using the same scales, shows the linear attenua-

tion coefficient as a function of energy for pyrex glass (p = 0.25 g/cm3).

There is very good agreement, both in magnitude and in slope, between the

two plots. There is a small curvature to the data at low energies, but the

datfiare ~pproxinl~tely linear ahovc about 150 keV.

LINA~,App_l_ication:

An electron line,lraccelerator (1.INAC)can be the heart of a complete

assay system. Photofission interrogation offers godd sensitivity for TRU, but

hecausc of the ~imilarity of photofisqion cross SC?Cti~JnS for both fissile

,Indf~rtilr (c.!J.238(!) isotope!;and other high Z materials, such as lead,

identification of specific nucl ides is difficult, Thermal neutron

int[~rrogation offers high sensitivity fot’fissile isotopes but essentially

norro for Fertile isotoper. A ~ombination of neutron and photon l.lteProga-

tion cilnseparate the fissilc nnd fertile isotopes. 1?

Photons itrcprf’)ducudin ,1hrumsstrahlung target. that stops the electron

I)f!dlll.The photnrl beam th~n passps through a j]olyethylenoslat~ to harden

the I]hotnn spect,rum. A portion of th~ !Iigherenergy photons above various

re,]ction t,hr[~sholciencr~!ies will produce photoneut,rons, A bcrylliur’

cnnvcrter c,lnnlso bc used to significatltly increaso the photoneutron flux.

Ptlot,or]el~t,r~otls,lndIlromllt.phnt.ofissi:.11neutron; will thvrmalizc in a few

LL’ll’)of Illicrnsr!cond:;drldI ;;; ~~ersist ns thermals for hundreds of micro-



While the thermal fissions are produced in near simultaneity with

the photofissicm events, the prompt ariddelayed neutrons from the two

fission processes can be resolved in a single detector. This is illustrated

in Fig. 5, where the neutron count rate from a 1 g 239Pu sample irradiated

by a 12 MeV b:emsstrahll’ng burst is plotted versus time after burst. Curve

“a” shows the prompt neutron count rate to persist for about 8 ms, with a

nearly constant delayed neutron count rate continuing to the next burst.

239Pu wrapped with cach,:um, shows the delayedCurve “b”, obtained with the

neutrons to be orIlyweakly affected by the cadmium, whereas the prorllpt

neutrons are essentially absent, demonstrating the predominantly photo-

fission origin of the delayed g:-dUIJ. For a 200-s LINAC interrogation run,

239Pu, which is less than 1 nCi/gthe 3~1det~ction limit is better than 1 mg

of waste for a 105 kg matrix of aluminum scrap in a 208-1~.barrel .13*14

Barrels of concrete, bitumen, sand, and other matrices have also !wen

studied with applications in cleconwnissioningand exhumation progranls.

While the I.INAC is being used as an interrogation source, it can

I,i111111 t.rln(v)u(,l,yhc used t.oproduc(’ d radiograph or pictbre of the waste

container and contents. A radiograph indicates where and what inhomogenei-

ties arc in the barrel. Of a purely qualitative nature, a radiograph gives

~n excellunt fingerprint. of the barrel, which can be used for shipper/

rrcei’.wrverifir~tion that a giv[~nbi,rr-rlhas rot been tampered with.

Fiqure 6 shows a one dimensional radiograph of a composite wedge of

wood, ~lunl+nun].pol.ycthylenc. ~nd copper. This transmission scan was taken

at ~n eluctron l~cam~ner(ly of 6 MRV. ;50 pps, about 275 ma beam current,

and a 4 I:I;wide beam pulse, The scanning table was moving past the

hrcm~c.tr,lhlunqti]rqet,iltFlhOIJt 3 Clll/S, The data represent 30 sweeps in a

multichannel scalp mode. 10 mnichanrlci dwell tirrw. The detector was a

I)lil:;ti(:~cirltill(ltot.(NL 102) cnuplPd to a photodiodc, Spatial resolution

in these?pr{’1imirlrlrymO{)I,‘Ir{!nwrtsis ,]hout,1 cm. This can be cptimized by

changing the ~l]i}(?dof th~ sc,lnning table, the dwell time pm channel of

t.tli! null t,ir:hdnncl‘;c,llc’,,Indth~ r(’petition late of tl’rLIt!AC.

To fllri,lw?).coml)lrt.f’(In ii!; stl.y, the LINAC can be u~cd to identif,y matrix

c.onstitulpnt’;Ii’,irl(ltl}l’I,tlt’rmalt~[:utr(~ncapl;ure r~ac,tion (,1,})and d hyl)~r-

l]ur~{]utwl;lililJw(IIIJGP)fIitmltkl drtcctoro

id~rltifir:dc,~dn]iwll,Ind~lunlinum. The
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by the gamma flash from the LINAC and was paralyzed for several milliseconds

after the Flash. Thus, the prompt capture gamma rays were missed and only

a few gamma rays from thermal neutron activ~tion were detected. Efforts

dre under way to reduce the paralysi~ time of the detector.

Similar matr

such as 252Cf, or

Waste. Obviously

problems. Table

sources,

the

s

mit

(31)level above background, 1000-s count) for various elenmts located irl

x studies can be made using other external neutron

even the internal neutron sources contained within

these nrethods do not suffer from detector paralys”

shows the experimentally measured detectability 1

the central region of a 208-P. barrel (1I1OOkg). These measurements

25ZCf neutron source and a highly collimated 16% efficientenlployed a 5u-;lg .

Ge(Li) detector. Ihermal neutron capture is particularly sensitive to

neutron poison~. A c!et.cct.abilitylimit below 1 g (I}1Oppm) is achieved

for ~11 t.llcnellt.ronpoi’;otlsexcept lithium, The poor sensitivity for

lithitimis hecnuse the l)ri:n~r.yneut;on ab~orbing lithium isotope, 6Li ,

f;dl)turesncutrnnh without emitting gamn]a rays. The technique can be used

to idrmtif~ haz,l~dous i~r~dtoxic materials other than radioactive materitils

(e.g t.huheavy metal<, mrrcury and cadmium).

Sunma-ry

The Los AlalllosTRU waste assay program is developing measurement

t,echniquos for TI{Uiindother radioactive waste materials generated by the

nuclear industry, includirlg decommissioning programs. Systems are now

being fielded for test.and evaluation purposes at DOE TRIIwaste generators,

The transfer of this t~chnology to other facilities arlclthe commercial

illstrl,mentat,ion sector is well in progress.
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TABLE 1. Elemental Thermal Neutron Capture Gamma-Ray
Sensitivities for 208-Liter-Drum Assays.

Number of Detectability
Element Gamma-Ray Linesa Limitb

.—

Hydrogenc 1 14.2 g
Helium o
Lithiumd 7 3.2 kg
Beryllium 7 8.6 kg
Borond 7 150 mg
Carbon 3 40.3 kg
Nitrogenc 43 1.7 kg
Oxygen o
Fluorine 11 5.6 kg
Sodium 51 176 g
Magnesium 18 286 g
Aluminumc 51 605 g
Silicon 27 970 g
Phosphorus 60 kg
Sulfur 33 40:i.
Chlorine 41 15.3 ;
Potassium 88 280 g
Calc!um 46 792
Scandium 87 21.8 ;
Titanium 39 45.2 g
Vanadium 62 68,2 Y
Chromium 56 202
Manganese 76 48.2 :
Ironc 42 !)08 g
Cobalt 29 g
Nickel % 122 g
Copper 66 95 g
Zinc 71 1.2 kg
Cadmiumd 38 420 mg
Gadoliniumd 879
Mercury ;; 3.2 :9

—— -.—.—

aWhen usable, escape peaks are included.
b
Counting time 1000-s, three standard deviations above background.

cPossible interference with measurement system components.
c1
Neutron pcison.
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FIGURE 1. .hlEGAS II showing HaI detector, hyperpure germanium
Actector, ‘He neutron detector ba~ks, and data acqu:zjtjon ~nd
dnalysis equipment.
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FIGURE 2. Modular 41Tneutron assay
chamber.
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FIGURE 3. Ratio of count rates for
the end modules of a 4n neutron assay
chamber for a source moved along the
length of the assa!’chamber.
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FIGURE 4. Linear attenuation coeffi-
cient vs. E for an actual waste barr~
havln~ p = ~ozz g/cm3 (upper).
Theoretical linear attenuation coeffi-
cient vs. Ey for pyrex glass havin9
P ● 0.25 g/cm3 (lower).
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1(a] PUOZ SAMPLE, BARE

[b] PUOZ SAMPLE. CADMIUM WRAPpED
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FIGURE 5. Neutron count rate vs. ‘
time from simultaneous photon and
neutron interrogation of 1 g
239pu,
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FIGURE 6. Transmission scan (a) of
the wood-Al -CH2-Cu wedge shown in (b),


